The 3D thermal-hydraulics analysis based on Computational Fluid Dynamics (CFD) has a role to analysis more detail the reactor safety, especially for pebble-bed typed High Temperature 
Introduction
The safety analysis of High Temperature Reactor (HTR) based on pebble-bed fuel relies on nuclear physics calculation as well as experiment for validation. The analysis includes neutronics and thermal-hydraulics to predict the neutron flux and thermal generation values. The cooling fuel is one of the three safety concepts besides controlling reactor containing radiation. Furthermore, the temperature distribution in spherical pebble-bed fuel is determined by several parameter inputs such as coolant flow model, pressure, and temperature inlet and flow rate. In case of thermal-hydraulics one dimension (1D) calculation for characterizing the temperature distribution, the analytical codes such as THERMIX or VSOP have been utilized [1] [2] . However, the three dimension (3D) calculation based on Computational Fluid Dynamics (CFD) has been carried out to study more detail the interior effect for 3D flow [3] [4] [5] . This detail analysis determines more accurate energy balance by detail model development. Therefore, the safety analysis using CFD code could inform the transient accident condition due to air ingress [4] as well as water ingress with detail temperature distribution in reactor core. The utilization of RSM has been investigated for relation of Nu number on different pebble layers under variable particle Reynold number [5] , loss of coolant accident [6] , and modeling height of 0.2 m [7] . Hence, RSM could be used as analysis comparator standard in this research.
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In normal operation, steady state CFD calculation requires more detail boundary condition, consisted of three pebble arrangements of Simple Cubic (SC), Body-Centered Cubic (BCC) and Face-Centered Cubic (FCC). A realistic pebble arrangement for a pebble-bed reactor core is combination of different structured arrangements and it is crucial to investigate the effects of pebble arrangement on the thermal-hydraulics characteristic for safety operation [7] . Therefore the investigation of turbulence models based on different pebble arrangements is required as well to be investigated. Beside laminar model, a CFD calculation could utilize other turbulence model such as k −  , k ω − , and Reynold stress Model (RSM). The comparison between turbulence models is relevant due to low flow rate of HTR-10 about 4.3 kg/s. The Eddy Viscosity Model (EVM) [8] and RSM has been utilized in CFD calculation with insignificant result different [9] . Hence, the further investigation is important using the turbulence model of laminar, Spalart-Allmaras, k −  , k ω − , and RSM.
The research aims is to analyze the effect of turbulence models on temperature and coolant velocity distribution on pebble-bed typed HTR. The simplest validation was done as well using analytical analysis. For next step, the CFD calculation was carried out with FCC fuel arrangement and utilized the turbulence models of laminar, Spalart-Allmaras, k −  , k ω − , and RSM. Finnaly, the analysis compared the calculation results and find a best turbulence model for HTR-10 CFD calculation.
Theory
HTR-10 is a high temperature gas cooled reactor with reactor power of 10 MWt. Core consists of 27,000 spherical pebble-bed fuels with diameter of 6 cm. Reactor core height and diameter are 197 cm and 180 cm, respectively, with Helium coolant flow rate of 4.3 kg/s. More technical information of the general pebble-bed fuel characterisitics of HTR-10 is described in Table 1 . The heat transfers from pebble fuel to Helium coolant by force convection. The turbulence flow considers the Laminar, Spalart-Allmaras, k −  , k ω − , and RSM. However, the analytical calculation still could be used for benchmarking the temperature different (∆T ) during core heating (Q) with certain flow rate ( m ) in which C p is specific heat. The classical equation for analytical calculation is described below [2] :
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Laminar Model
Laminar flow through spherical-pebble bed fuel could be driven by Reynold number. The laminar model has been utilized on pebble-bed calculation [10] . In case of porous media, the calculation has utilized laminar model as well [11] . However, due to the condition of narrow gap in area contact of spherical-fuel, however the turbulence model is relevant to be utilized in CFD calculation as well.
Spalart-Allmaras Model
Spalart-Allmaras model is simple one-equation model that is originally from a low-Reynold number model for solving the turbulent viscosity. The transport equation for turbulence kinematic viscosity v is described below [12] :
where G v is the production of turbulence viscosity and Y v is the destruction of turbulence viscosity that occurs in the near-wall region due to the wall blocking and viscous damping.
Furthermore, v σ and C b2 are constants, while v S is a user-defined source term.
k-epsilon Model
The k −  (k-epsilon) model is two-equation models in which the solution of two separate transport equations allows the turbulent velocity and length scales to be independently determined. The turbulence kinetic energy k, and its rate of dissipation,  , are obtained from the following transport equations [6, 12] :
and (4) where G k is the he generation of turbulence kinetic energy due to the mean velocity gradients, G b is the generation of turbulence kinetic energy due to buoyancy, and Y M is the contribution of the fluctuating dilatation in compressible turbulence to the overall dissipation rate. 1 C  , 2 C  , and 3 C  are constants. k σ and σ  are the turbulent Prandtl numbers for k and  , respectively. S k and S  are user-defined source terms.
k-omega Model
The k ω − model is modifications based on the Wilcox k ω − model for low-Reynolds-number effects, compressibility, and shear flow spreading. The turbulence kinetic energy k and the specific dissipation rate ω (omega) are obtained from the following transport equation [13] : 
Reynold Stress Model
Reynold Stress Model or RSM is a turbulence model that abandoning the isotropic eddyviscosity hypothesis. The RSM closes the Reynolds-averaged Navier-Stokes equations by solving transport equations for the Reynolds stresses, together with an equation for the dissipation rate. The equation of RMS is similar to the research has investigated the effect of FCC [7] .
Methodology
To investigate the effect of turbulence model on coolant temperature and velocity, the research conducts (i) coolant modeling of HTR-10 core, (ii) validation using analytical analysis, and (iii) CFD calculation. The CFD calculation is based on FCC fuel arrangement and utilizes the five turbulence model of laminar, Spalart-Allmaras, , , and RSM. Furthermore, the analysis compares the calculation results based on five models and find best turbulence model for HTR-10 CFD calculation. 
The coolant modeling for pebble-bed core HTR-10 based on FCC arrangement could be describe at Fig. 1 and the property of coolant and wall at temperature of 500°C in Table 2 are calculated by using KTA standard [14] . The model size is 33.00 x 8.68 x 8.68 cm with 
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Results and Discussions
The comparison of temperature distribution to the variance of turbulence model in the Moreover, the validity of turbulence models could not be figured out before the experimental data availability. Therefore, the assessment of different choices of turbulence models could be based on analytical calculation by comparing temperature generated by CFD to the temperature generated from analytical calculation. Based on the equation (1), the temperature output of the modeling is 554.34 C. All turbulence models have average temperature results that are very close to the analytical calculation as shown in Table 3 . The error varies from 0.03 to 0.33%. Therefore, all turbulence models are relevant to be utilized in CFD calculation for HTR-10.
a narrowing gap between four spherical pebble-beds so that the effect of turbulent will be strong in this area. However the contour of each coolant velocity shows almost similar pattern with the velocity within 1.63 -6.50 m/s. For more detail comparison, Fig. 3 shows the effect of turbulence model on coolant temperature and Fig. 4 for coolant velocity at certain position of y=0.0400 m from bottom.
The results in Fig. 3 and Fig. 4 In both Fig. 5 and Fig. 6 , the line of each model has good agreement with Fig. 3 and Fig. 4 , that all models have insignificant effect on coolant temperature and velocity, so all models are relevant to be utilized in CFD calculation for HTR-10 case. Good agreement is shown by the adjacent lines of k −  and RSM. Considering the numerical stability risk and computation time of RSM, the utilization of k −  model is suggested. The other models of Laminar, Spalart Allmaraz, and k ω − are acceptable to be adopt with more far space from ideal RSM. However, the characteristics of turbulence model may be different for other case based on different Reynolds number induced by fluid velocity. The different Reynolds number will affect to more significant transport factor from production, diffussion, pressure strain interaction, and rotation so that the separation line in turbulence flow could be more accurate for RSM.
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Conclusion

